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THE EFFECT OF SPLIT TEA X L I XT &~ E DOE WING FLAPS ON 
THE AERODYNAMIC CHARACTERISTICS OF A PARASOL MONOPLANE 

By Rudolf N. Wallace 



SUMMARY 



This paper presents the results of tests conducted in 
the N#A*C,A« full-scale wind tunnel on a Fair child ?-22 
airplane equipped with a special wing having split trailing 
edge flaps. The flaps extended over the outer 90 percent 
of the wing span, and were of the fixed-hinge type having a 
width equal to 20 percent of the wing chord. 

The results show that with a flap sett irig of 59° the 
maximum lift of the wing was increased 42 percent, and that 
the flaps increased the range of available gliding angles 
from 2.7° to 7.0°. Deflection of the split flaps did not 
increase the stalling angle or seriously affect the longi- 
tudinal balance of the airplane. ffith flaps down the land- 
ing speed of the airplane is decreased, hut the calculated 
climb and level-flight performance is inferior to that with 
the normal wing. Calculations indicate that the take-off 
•distance required to clear an obstacle 100 feet high is not 
affected ^y flap settings from 0° to 20 c hut is greatly in- 
creased by larger flap angles. 



INTRODUCTION 



Considerable attention has recently been directed to 
the use of split t rail i ng- edge wing flaps as a device for 
rediieing the landing run and increasing the gliding angle 
of airplanes. As a part of its general research program 
dealing with hlgli lift devices, the National Advisory 
Committee for Aeronautics has conducted comprehensive model 
tests in the 7 by 10 foot wina tunnel on split trailing- 
edge flaps (reference 1), and is now conducting full-scale 
investigations of this device on a Fairchild F-22 parasol 
monoplane. 
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This paper presents the results of tests conducted 
in the 1T.A.C.A. full-scale wind tunnel to determine the 
aerodynamic characteristics of the Fairchild 7-22 airplane 
vhen equipped with a special wing having split t railing- 
edge flaps extending over 90 percent of the span. The 
flaps were hinged at their forward edge and had a width 
equal to SO percent of the wing chord. Absolute coeffi- 
cients of lift, drag, and pitching moment were determined 
for flap settings ranging from neutral, or closed, posi- 
tion to a maximum downward deflection of 59°, and from the 
angle of attack for zero lift to beyond the stall. All 
tesis were conducted "both with the horizontal tail surfaces 
in place and with them removed. 

APPARATUS 



4i.?lP.iane,- The Fairchild F-22 is a small open 2-place 
parasol monoplane powered with an inverted Cirrus air- 
cooled engine. A 3- view drawing of the airplane is shown 
on figure 1, and the principal characteristics of the air- 
plane as tested are given in table I. 

Special wing«~ The wing is of conventional wood and 
fahrifc: construction with a span of 30 feet and a chord 
of 6C inches. Trie sheet-metal flaps have a width equal to 
20 percent of the wing chord and extend over the outer 90 
percent of the wing semi spam* They are operated from the 
rear cockpit through a system of gears and hell cranks, 
and have a maximum down deflection of 59° from the closed 
position. Figure 2 shows a section of the special wing 
with the flaps and upper- surf ac e ailerons; figure 3 is a 
photograph of the Fairchild 7-22 with wing flaps in full- 
down position. The upper-surface ailerons were locked in 
zero position for all tests. 

find tunnel*- The N.A.C.A. full-scale wind tunnel is 
described in detail in reference 2. Figure 4 shows the 
Pairchild F-22 airplane mounted on the balance in test po- 
sition. 

TESTS 

Tests were conducted over an angle-of-attack range 
from zero lift to beyond the stall, with the flaps set at 
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0°, 20°, 40°, and 59° down from the neutral position. The 
airplane .was tested both with the horizontal tail surfaces 
removed and with the elevator and stabilizer set at 0° to 
the thrust axis. For all tests the airplane was set at 0° 
in roll and yaw, the rudder was locked at 0° to the fin, 
and the propeller was locked in a vertical position. 

.The .tests were :aade at a dynamic pressure of approxi- 
mately 8 pounds per square foot, corresponding at standard 
sea-level conditions to a velocity of 56 miles per hour and 
to a Reynolds Number of 2,880,000, based on the "wing chord. 

For the computation of. pitching moments, a center-of- 
gravity position was determined with a 140-pound man in the 
rear cockpit and 15 gallons of gasoline in the fuel tank. 

RESULTS 'A1ID DISCUS S ION 



The results of t]iese tests have been corrected for 
wind-tunnel effects and are presented in curve form on 
figures 5 to 9, inclusive. Figures 5 and 6 show compara- 
tive curves- of Ct , Ojj , and C m plotted against angle of 

attack of the thrust axis for the four flap angles test- 
ed. The curves on figure 5 are for the condition with the 
horizontal tail surfaces set at 0° to the thrust axis, and 
those on figure 5 are for the condition with tne horizontal 
tail surfaces removed. A comparison Of the curves on fig- 
ures 5 and 6 gives the lift, drag, and pitching moment pro- 
duced by the horizontal tail surfaces. figure 7 gives the 
values of ^Imax* gliding angle, and gliding velocities 
as a function of flap setting. In the computation of these 
values, the lift, as measured with zero tail-plane setting, 
was corrected for the tail plane forces reouired to balance 
the airplane in flight. 

The effect of flap deflection on the lift character- 
istics of the Fairchild ^-22 airplane is shown on figure 5. 
As the flaps were depressed, the curves of moved to 

the left on the scale of angle of attack but maintained 
practically a constant slope. Zero lift therefore occurred 
a.t progressively greater negative angles, and higher values 
of ^L;pax were readied at the same stalling angle. A max- 
imum lift coefficient of 2.09 was obtained with a flap set- 
ting of 59°, which represents an increase of 42 percent 
over the maximum lift coefficient of 1.47 for the wing with 
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flaps closed. The dur.ve of " L - iax agaiUfit- flap angle, t 
shown on f igure 7, indicated that' flap settings greater than 
59° would give little further 'increase in maximum lift. 
This indication is in agreement with the results of 'the 
mod/ei tests reported in refef.e2a.0e 1. •• ■■ 

The effect cf flap sett in;; on the drag characteristics 
o"f the Fairchild F-22 airplane is shown by the drag curves 
on f igur e 5 . 

a comparison of the relative efficiency of the normal 
wing and the wing with flaps down can he made on the ^asis 
of. th.e speed-range criterion C Lr:aX /C Tmin . It is evident 
that this function varies directly with the value of 
inasrauch as the minimum drag of the normal wing is available 
at all times. The use of flaps therefore increased the val- 
ue of C Ln:ax /c : o iain W' 42 percent. 

The effect of flaps on the climb and take-off of the 
airplane is' shown on figures 3 and '9 figure 3 presents 
curves; of the power available and the power required at the 
four flap angles tested. The power available was calculat- 
ed from the engine-propeller characteristics of a Cirrus 
engine, rated 25 horsepower, at 2,100 r.p>.m., and a normal 
fixed-pitch propeller. These uerformance curves show that 
the climb and level-flight performance of the- airplane is 
greatly reduced by depressing the flaps. Vfith the assumed 
horsepower available, the maximum rate of climb is decreased 
•from 450 feet per minute .with the flaps clo.sed to 30 feet 
p-er minute with the flaps down i. r -9°. 

The effect of flap set tin..; on the calculated take-off 
characteristics oi" the Fairchil^ -F-22 airplane is shown on 
figure 9. The curve of take-off run required to reach a., 
velocity 5 riles per hour above minimum speed indicates that 
the airplane would require the shortest ground run with the 
flaps depressed approximately 27°. With flap angles less 
.than 27° the ground run would be increased because of the 
high velocities which ;.ust be reached before the airplane . 
-a ins flying speed, and with flap angles greater than 27° 
the Ibugth of. ground run is likewise increased because of 
high drag and consequent poor ac c 0 X era % ion • 

It is often necessary during a take-off to consider , 
not only the .-length of ground run bat also the distance re- 
quired "to clear an obstacle.. .On figure 9 is shown the tQ.tal 
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horizontal distance required with different flap settings 
to clear an obstacle 100 feet high. This distance includes 
the ground run required to reach the speed for best angle 
of climb, the distance covered during the period of transi- 
tion from ground run to flight attitude, and the horizontal 
distance required to climb 100 feet at the best angle of 
climb. The determining factor for the total distance re- 
quired to clear an obstacle of such height is the angle of 
climb rather than the length of ground run. This distance 
remains approximately the same for flap deflections up to 
20°, but increases rapidly at larger flap angles because of 
the reduced angle of climb. 

One of the most important applications of the split 
trail ing- edge wing flaps is their use as a device for in- 
creasing the available range of gliding angle and reducing 
the landing, run. As aerodynamic design progresses and air- 
plane lines are improved, with resultant increase in L/D 
ratios, it becomes increasingly important to have some form 
of air brake available for steepening the gliding angle in 
landing. If the braking device affords greater lift, as 
'■iell as a reduction in the l/D ratio, its value is further 
enhanced because of the resultant reduction in velocity a- 
long the flight path. On figure 7 are shown curves of mini- 
mum gliding angle and gliding angle at maximum lift for the 
Fairchild F-22 airplane as a function of flap angle. With 
the flaps closed, the gl iding- angl e range is from 7.?o to 
10.4°, whereas with the flaps full down the gliding angle 
at maximum lift reaches a value of 14. ?o. It is therefore 
possible with the split trailing- edge wing flaps to obtain 
any gliding angle from 7.7° to 14. 7o, a total range of 7.0°, 
as compared to a range of gliding angles available with the 
normal v/ing of 2.7°. The resultant horizontal and vertical 
velocities for a glide at maximum lift are also Shown on 
figure 7. The horizontal velocity, or landing speed, is re- 
duced from 51 .0 miles per hour with the normal wing to 41.9 
miles per hour with full-flap deflection. This reduction in 
landing speed is accompanied by a slight increase in verti- 
cal velocity. 

In the consideration of any device that materially al- 
ters the lift and drag characteristics of an airplane, it 
is important to determine its. effect upon longitudinal sta- 
bility. For this purpose pitching moments have been comput- 
ed for all flap angles tested, and are |howX on figure 5 
plotted against angle of attach. In general, depressing 
the flaps resulted in increased stability, the greatest 
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effect occurring at high angles of attack where the diving 
motae-nt wWU r;.afer lal 1-y .'increased . • T&tf increase in negative 
pitching iivomeiirb: would, require greater, t a ii-pl ane . f ore e s to 
trim the airplane-, but from -a consideration of . the pitching 
moments produced* "by the present horizontal tail surfaces on 
the Fairchild Y--22 airplane-, t.here should he no serious dif- 
ficulty, in obtaining balance at all angles of attack and at 
all flap settings.-: : . . ••• •'• 

.The' effect of flap setting on the .pi tilling- moments of 
the wing is: shown on figure 6> where p it ching- moment coef- 
ficients for the Fair child F-22 airplane are plotted against 
angle of attack as determined with the horizontal tail sur- 
faces removed, l r or this condition the effect of tail-plane 
efficiency and variation in downwash with change in flap 
angle was' eliminated, and the .results more truly Indicate 
the characteristics of the wing alone. The p itching-moment 
curves- for the tail-off- condition show that, the flaps in- 
creased the negative value of C ril at high angles of attack, 
as was the case for the comple t e" ai rpla-ne . ir ract ica.lly all 
of. the .change in pitching moment occurred during' the first 
20° depression of the flaps. 



CONCLUSIONS 



1. Split, trailing- edgu. wing flaps increased the- value 
of Ct™*-. for the Fair ch-il.d F-22 airplane from 1.47 to 
2. OS, or 42 percent. 

• 2. The angle of maximur: lift, or stalling angle, remained 
constant for all flap settings. : - 

3. ^^r,ative pitching moment s were increased with flap 
deflection 'at high angles of attack, hut the change in mo- 
ment was not great enough to prevent the attainment of lon- 
gitudinal "balance.* • 'The greatest change in pitching moments 
occurred in the range "between 3 and 20° flap depression* 

4. The gliding angle at maximum lift was increased from 
10.4° to 14.70, a ad the range between minimum gliding angle 
and the gliding angle ' at 'maximum life was increased from 
2.7° to ? .0 G . • g 

b. The computed landing speed of the airplane was re- 
duced from 51.0 m. p. h. with the flaps closed to 41.9 m.p.h. 
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with the flaps fully deflected. 

5. The calci'lated' rat e-of-cli'no and- level-f 1 ight per- 
formance of the airplane with flaps depressed was markedly 
inferior to that with the flaps closed. 

7. The calculated take-off distance required fey the 
airplane to clear an obstacle 100 feet high was approxi- 
mately the same for flap angles form 0 0 to20°, hut was 
greatly increased for larger flap angles. 

Langley Memorial Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Langley Field, fa., August 15, 1923. 
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TABLE I , . ,. 

Characteristics of the 3Tair child F-22 
Airplane with Special Wing 

Weight (including 140 lb. in rear 

cockpit and 15 gal. gasoline) 1,4: 7; lb. 

Airfoil section N~22 
Wing area, Includiiag ailerons \ 182 sq.ft. 

Stabilizer area 15*8 sq.ft. 

Elevator area ... , 10.4 sq.ft. 

Pisa area 4 ■ 1 

Rudder area , S.O sq.ft. 

Ting span 30 ft . 

Wing chord . 5 it. 5 in. 

Angle of wing setting ' 0.7° 

Dihedral 3.0° 

Stabiliser angle to thrust axis 0° 

Elevator angle to thrust axis 0° 

Distance back from leading edge to e.g. 1 ft. o-l/3 

Distance belov7 thrust axis to e.g. 5/S in. 

Distance from e.g. to elevator hinge 13*32 ft. 
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Fig. 1 
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Figure 1 . -Fair child F-22 with special wing 
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Figure 2. -Section of wing showing flap arrangement* 
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Figs. 3, 4. 




Figure 4 . -The Fairchild F-22 airplane mounted in test position in the 
full -scale wind tunnel. 




Fig. 5 



Angle of attack of thrust axis, otj ) degrees 
Figure 5-Lif t , drag,and pi tching-moraent curves for the Fairchild Y-ZZ 

airplane with split trail ing -edge wing flaps. Horizontal tail 
surfaces set 0° to the thrust axis. Corrected for wind-tunnel effects. 
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Fig. 6 
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Angle of attack of thrust axis, , degrees 
Figure 6 - Lift , drag, and piiching-jnoinent curves for the Fairchild 

F-ZZ airplane with split trailing-edge wing flaps. 
Horizontal tail surfaces removed. Corrected for wind-tunnel effects. 




Flap angle, degrees down. 

Figure 7. -Change in Ot and gliding characteristics vrith flap angle for 

max 



the Fairchild F-22 airplane. 
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?iap angle! decrees down. 
Figure 9. -The effect of flap angle on the calculated take-off character- 
istics of the Fairchild 1-2.2 airplane with zero wind. 



